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Summary 
This technical resource report describes the conditions of earth resources in the study area. It 
also describes the regulatory context, potential impacts, and measures to avoid or reduce 
impacts.  

This technical resource report analyzes the following key features of earth resources in the 
discussions of the affected environment, potential impacts, and measures to avoid and reduce 
impacts: 

• Geology 
• Soils 
• Topography 
• Unique physical features 
• Erosion or accretion 
• Geologic and seismic hazards 

Findings for earth impacts described in this technical resource report are summarized as 
follows: 

• Construction, operation, and decommissioning for all facilities would have less than 
significant impacts related to soil resources and geologic hazards. 

• For all types of facilities considered, through compliance with laws and implementation 
of measures to avoid and reduce impacts, construction, operation, or decommissioning 
activities would result in no significant and unavoidable adverse impacts related to 
earth resources. 
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1 Introduction 
This technical resource report describes earth resources within the study area and assesses 
probable impacts associated with the types of facilities (alternatives) and a No Action 
Alternative. Chapter 2 of the State Environmental Policy Act Programmatic Environmental 
Impact Statement (PEIS) provides a description of the types of facilities evaluated 
(alternatives).  

1.1 Resource description 
Earth resources relate to the region's geography, geology, hydrology, and hydrogeology, 
including geologic resources, as well as geologic hazards, both natural and anthropogenic in 
origin. Any type of development or energy generation would result in impacts on soil and rock 
resources, including those directly associated with on-site construction activities, such as 
grading, as well as the regional utilization of available construction materials, such as aggregate 
for roadways. Sub-elements within earth resources include geology, soils, topography, unique 
physical attributes, topographic or geologic features, and geologic and seismic hazards, as well 
as natural system processes and geomorphic conditions, such as fluvial or aeolian systems. 

The scope of geologic hazards includes both local and regional hazards that are avoidable or 
may be mitigated, such as liquefaction, and hazards that are unavoidable or may not be 
mitigated, such as ashfall from a volcanic eruption. Some geologic hazards, such as deep 
liquefaction susceptibility or large-scale landslides, may preclude development at a particular 
site due to the severity and lack of avoidance or mitigation options, or excessive mitigation 
costs, for a potential hazard, whereas other geologic hazards may require varying levels of 
design consideration and/or mitigation but may be manageable. 

The following resources could have impacts that overlap with impacts to earth resources. 
Impacts on these resources are reported in their respective technical resource reports:  

• Water resources: Surface water, runoff, stormwater, and groundwater are evaluated in 
the Water Resources Technical Report (Appendix F). The earth discipline focuses 
specifically on subsidence and some geologic hazards that interact with waters. 

• Biological resources: Impacts to species that may be negatively affected by vegetative 
cover and stabilization of surface soils are addressed in the Biological Resources 
Technical Report (Appendix G). 

• Energy and natural resources: Impacts to aggregate resources are discussed in the 
Energy and Natural Resources Technical Report (Appendix H). 

• Environmental health and safety: The Environmental Health and Safety Technical 
Resource Report (Appendix I) addresses impacts to earth resources due to hazardous 
materials and spills. 

• Historic and cultural resources: This report covers excavation, grading, and other 
disturbances to existing or native ground. The potential impacts of ground disturbance 
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on historic and cultural resources are considered in the Historic and Cultural Resources 
Technical Report (Appendix N). 

1.2 Regulatory context 
Table 1 identifies key legal frameworks, regulatory measures, and policies that may impose 
requirements for environmental protections during all phases of solar energy facility 
construction, operation, and decommissioning. Not all laws and regulations discussed here may 
be relevant to every solar energy facility. Each project would need to be evaluated based on its 
specific activities, location, regulatory jurisdictions, and contextual factors.   

Table 1. Applicable laws, plans, and policies 

Regulation, statute, guideline Description 
Federal  
Federal Land Policy and 
Management Act (43 United 
States Code [USC] 1701) 

Establishes management guidelines on public lands managed by 
Bureau of Land Management (BLM) and the U.S. Forest Service 
to protect, develop, and enhance public lands. 

Resource Conservation and 
Recovery Act (RCRA) 

This act gives the U.S. Environmental Protection Agency (USEPA) 
the authority to control hazardous waste from cradle to grave. This 
includes the generation, transportation, treatment, storage, and 
disposal of hazardous waste. RCRA also establishes a framework 
for the management of non-hazardous solid wastes. 

Toxic Substances Control Act Regulates the manufacture, distribution, use, and disposal of 
chemical substances in the United States. Its primary objective is 
to ensure that chemicals are safely managed to protect human 
health and the environment from unreasonable risks of injury. 

Clean Water Act (CWA) 
(33 USC 1251 et seq.) 

The Federal Water Pollution Control Act of 1948 was the first 
major U.S. federal law to address water pollution. The law was 
amended in 1972 and became commonly known as the CWA. The 
CWA establishes the basic structure for regulating pollutant 
discharges into waters of the United States and makes it unlawful 
to discharge any pollutant from a point source into those waters 
without a permit. 

CWA Section 401 Water Quality  
Certification 

Provides states with the authority to ensure that federal agencies 
do not issue permits or licenses that violate state water quality 
standards or other protections of the CWA. 

An applicant for a federal permit must obtain a Section 401 Water 
Quality Certification from the state in which the activity would 
occur. 

Washington State Department of Ecology (Ecology), USEPA, and 
some Tribes administer Section 401 of the CWA in Washington. 

CWA Section 402 
(National Pollutant Discharge 
Elimination System [NPDES]) 

Establishes the NPDES program, requiring pollutant discharges to 
surface waters be authorized by a permit. 

USEPA issues NPDES permits for federally owned facilities and 
Tribal lands in Washington. Ecology administers the NPDES 
permitting program for other facilities and lands in Washington. 
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Regulation, statute, guideline Description 
Coastal Zone Management Act  
(16 USC 1451 et seq.) 

The federal consistency provisions of the Coastal Zone 
Management Act require that federal actions, including federal 
activities and the issuance of federal licenses and permits, be 
consistent with the enforceable policies of the Washington Coastal 
Zone Management Program. This applies to federal actions in 
Washington’s 15 coastal counties that could have reasonably 
foreseeable impacts on state coastal resources and uses. 
Administered by Ecology. 

BLM 2016 Wind and Solar Rule  Governs the leasing and development of wind and solar energy 
projects on public lands managed by the BLM. It encourages 
development in areas with the highest generation potential and 
fewest resource conflicts through financial incentives. The rule 
establishes procedures and requirements for obtaining right-of-
way grants for wind and solar energy development, including site-
specific environmental assessments and mitigation measures. 

State  
Chapter 78.44 Revised Code of 
Washington (RCW), Chapter 
332-18 Washington 
Administrative Code (WAC), 
Surface Mining Act 

Regulatory framework for surface mining activities to minimize 
their impacts on the environment and communities in Washington. 
It establishes procedures for permitting, compliance enforcement, 
and public participation in the regulatory process. 

Chapter 36.70A RCW, 
Washington State Growth 
Management Act (GMA) 

Land use planning framework aimed at guiding growth and 
development while preserving natural resource lands, protecting 
the environment, and enhancing quality of life in Washington. It 
requires cities and counties to develop and implement 
comprehensive plans that align with the GMA’s goals. 

Chapter 365-190 WAC, Critical 
Areas 

Establishes guidelines for the protection and management of 
sensitive environmental areas in Washington. Critical areas 
include wetlands, fish and wildlife habitat conservations areas, 
frequently flooded areas, geologically hazardous areas, and 
critical aquifer recharge areas. The regulations aim to ensure 
responsible land use planning while safeguarding ecologically 
sensitive zones. 

Chapter 365-190 WAC, Critical 
Areas – Section 120, 
Geologically Hazardous Areas 

Pertains to regulations in Washington addressing geological 
hazards such as landslides, erosion, and seismic activity. It 
outlines requirements for identifying, mapping, and managing 
areas prone to geological hazards to ensure public safety and 
environmental protection during land use and development 
activities. 

Chapter 90.58 RCW, Shoreline 
Management Act 

Establishes a state–local partnership for managing, accessing, 
and protecting Washington’s shorelines. The law requires local 
governments to prepare locally tailored policies and regulations for 
managing shoreline use in their jurisdictions called shoreline 
master programs. Local governments review shoreline 
development proposals for compliance with shoreline master 
program standards. 

Applies to shorelines of the state, including marine waters, 
streams, and rivers with greater than 20 cubic feet per second 
mean annual flow, lakes 20 acres or larger, upland areas 
extending 200 feet landward from the edge of these waters, 
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Regulation, statute, guideline Description 
biological wetlands and river deltas connected to these water 
bodies, and some or all of the 100-year floodplain, including all 
wetlands. 

Chapter 90.48 RCW, Water 
Pollution Control Act 

The Water Pollution Control Act sets standards to ensure the 
purity of all waters of the state and to work cooperatively with the 
federal government where interest overlaps in a joint effort to 
extinguish the sources of water-quality degradation. 

Grants Ecology the jurisdiction to control and prevent the pollution 
of streams, lakes, rivers, ponds, inland waters, salt waters, water 
courses, and other surface and groundwater in the state, including 
wetlands.  

Tool Ecology uses to regulate certain activities in non-federally 
regulated waters, including wetlands, through the issuance of 
authorizations to work in waters of the state. 

Title 51 WAC, Department of 
Enterprise Services (Building 
Code Council) 

Adopts and implements state building code and guidelines that 
establish requirements for building design within zones of certain 
geologic hazard, including seismic.  

Local  
Critical areas ordinances As required under Washington’s Growth Management Act, cities 

and counties have development regulations to protect critical 
areas including wetlands and their buffers, streams and their 
buffers (fish and wildlife habitat conservation areas), critical aquifer 
recharge areas, and frequently flooded areas. 

Shoreline codes Local codes regulate development within shorelines of the state in 
accordance with shoreline master programs and state Shoreline 
Management Act requirements. 
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2 Methodology 

2.1 Study area  
The study area for earth resources includes the overall solar geographic scope of study 
(Figure 1) and the surrounding areas with relevant geologic features.  

The study area for the evaluation of earth resources associated with the construction, 
operation, and decommissioning of solar energy facilities would be determined by the presence 
(or absence) of earth resources during project-specific reviews. Parameters could include 
aboveground features (topography, soils, rock and other biomass, water resources) and 
belowground features (geologic units, seismic and landslide hazards). Aboveground, buffer 
zones may be applied to certain hazard types, such as fault lines or landslide-prone areas, to 
capture potential impacts to adjacent areas related to these types of hazards. Belowground, the 
study area extends to the depth of the construction work . 

The PEIS geographic scope of study includes various federal, state, and locally managed lands; 
however, Tribal reservation lands; national parks, wilderness areas, and wildlife refuges; state 
parks; and areas within cities and urban growth areas were excluded. Some of these areas 
adjacent to the PEIS geographic scope of study are considered in the study area if they contain 
earth resources that may be impacted by projects.
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Figure 1. Solar Energy Facilities PEIS – geographic scope of study 
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2.2 Technical approach 
The technical approach used to determine the environmental impacts of solar energy 
generation included research, analysis, and large-scale qualitative evaluation of documented 
conditions and features—such as geographic or geologic hazard areas, topography, soil types, 
surface waters conditions, groundwater conditions, and land use types—utilizing published 
maps, literature, and datasets. These include surface geology, topography and soils, Light 
Detection and Ranging (LiDAR) hillshade, geological hazards, surface mining sites, wildfire burn 
areas, land use types, and others. The study area was selectively overlayed with selected 
datasets and reviewed to identify the severity and prevalence of potential geohazards and 
potential resource impacts.  

Impacts on earth resources were determined by considering the typical activities required to 
construct and operate utility-scale solar energy facilities and the mechanisms through which 
those activities could adversely affect underlying and adjacent earth resources. The potential 
for construction and operation to increase soil erosion and/or the risk of occurrence and 
damage from identified geologic hazards (e.g., landslides) were also considered. Geologic 
hazards are typically not generated by construction or development activities (except for 
landslides and subsidence). However, identification of these potential hazards is necessary to 
understand the potential impact of a hazard on a proposed project. Identified geologic hazards 
may not be of such severity that their associated risk outweighs potential siting benefits for 
other reasons. In these cases, derivative impacts that would be associated with hazard 
mitigation (e.g., a high seismicity area requiring a relative increase in construction materials 
and/or ground disturbance due to seismic design requirements) were also qualitatively 
characterized. 

The approach used in this analysis is not site-specific and focuses on site selection and regional 
characterization. No new data gathering efforts, research, field studies, or modeling was 
performed as part of the analysis. Existing data sources utilized to perform the analysis included 
technical resources, such as published geologic, topographic, and soil maps. Additionally, map 
resources and data layers published by the U.S. Geological Survey (USGS) and the Washington 
Department of Natural Resources (DNR) were considered to evaluate features such as faults, 
steep topography, landslide, liquefaction, and other hazard types.  

2.3 Impact assessment approach 
The PEIS analyzes a timeframe of up to 20 years of potential project construction and up to 
30 years of potential project operations (totaling up to 50 years into the future). The 
assessment of probable impacts was conducted qualitatively, and impacts were evaluated for 
activities associated with pre-construction site characterizations, construction, typical 
operations, and decommissioning of the project options. The impact analysis considered the 
following: 
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Impacts to soil resources: 

• The potential for soil erosion from ground-disturbing activities, changes in drainage 
patterns, or addition of impervious surfaces 

• Direct ground disturbance associated with soil and/or rock excavation and grading 
• Slope instability from ground-disturbing activities, underground construction, or other 

activities that could increase local susceptibility to certain geologic hazards  
• Subsidence related to tapping, withdrawal, or disturbance of groundwater reserves 
• Borrow of construction materials (such as quarried rock, sand, and general fill)  

Impacts from geologic hazards: 

• Potential for a site to be affected by a naturally occurring geologic or seismic hazard 
• Potential for a site to be affected by anthropogenically influenced or altered geologic 

hazards 

For the purposes of this assessment, a potentially significant impact would occur if a project 
resulted in the following: 

• Widespread increase in the potential for soil erosion as a result of construction, 
operation, or maintenance activities 

• Broad areal extent of grading and high volume of soil and/or rock excavation associated 
with construction, operation, or maintenance activities 

• Widespread increase in the potential for landslides and slope instability as a result of 
construction, operation, or maintenance activities 

• Widespread subsidence related to tapping and withdrawal of groundwater reserves as a 
result of construction, operation, or maintenance activities 

• Widespread local utilization of borrow material as a result of construction activities, 
backfill, road construction and maintenance, or project maintenance 

The framework established herein provides a practical methodology for preliminarily assessing 
and planning potential solar energy facilities. Broadly mapped areas may be identified as more 
or less susceptible to erosion, landslides, or seismic impacts based on local soil or geology, 
climate, elevation, adjacent land use types, proximity to wildfire burn areas, or other factors; 
however, site-specific investigations would be completed to determine specific conditions for 
individual, future projects. 
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3 Technical Analysis and Results 

3.1 Overview 
This section describes the potential adverse impacts on earth resources that might occur for a 
utility-scale solar facility analyzed in the PEIS. This section also evaluates measures to avoid, 
minimize, or reduce the identified impacts, and potential unavoidable significant adverse 
impacts. 

3.2 Affected environment 
The affected environment represents existing conditions at the time this study was prepared. 

3.2.1 Geography and topography 
The geography of Washington is diverse and includes several regional environments ranging 
from coastal lowlands to dense mountain ranges to arid shrubsteppe biomes (DNR 2023a). 
These regional environments all contain unique geologic and environmental conditions that 
contribute to their geography. The study area includes portions of central and eastern 
Washington, each described below. 

Central Washington comprises the Cascade Mountain Range, a range that spans over 500 miles 
south to north from Northern California to British Columbia and includes sharp peaks, deep 
glacial values, and a chain of strata cone volcanoes. The western slopes and middle of the range 
are characterized by heavy annual precipitation and dense vegetation below timberline, while 
the eastern slopes are characterized by progressively decreasing annual precipitation and 
vegetation density (moving from west to east). 

Eastern Washington, the Columbia basin and plateau, the northeast Blue Mountains, and the 
Okanogan region of the upper northeast corner of the state are generally higher in elevation 
and more arid. Lower shrubsteppe plains, river valleys, and rolling hills and mountains are more 
characteristic of this region. Vegetation in eastern Washington is generally less dense, except in 
the low mountainous regions northeast of Spokane and in the northeast Blue Mountains. 
Geography in much of the northern half of Washington has also been heavily influenced by 
glaciation.   

3.2.2 Geology and seismicity 
The geologic history of Washington is deeply connected with the themes of continental tectonic 
forces, volcanism, uplift, and glaciation. In central and eastern Washington, the Missoula floods 
caused massive flooding events that created geologic features in the Columbia River drainage 
basin, such as scablands. The Palouse region is also notable for its undulating landscape made 
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of windblown silt (loess), which is rich in nutrients and important for agriculture in the region. 
Geology and the effects of seismicity differ greatly across the state and are strongly influenced 
by the effects of the Cascadia Subduction Zone (CSZ), the offshore plate boundary in which the 
Juan de Fuca Plate is being subducted beneath the North American Plate. This tectonic action 
has been occurring steadily throughout the last several million years and is ongoing. 
Sedimentary, metamorphic, and igneous rock deposits and emplacements found across the 
state are chiefly derived from this tectonic activity. Sedimentary and metamorphic rocks and 
structures are common throughout western Washington, and igneous volcanic and plutonic 
rock are commonly associated with the mountain ranges and Columbia plateau. Glacial deposits 
are common in northern Washington, where the Cordilleran Ice Sheet once extended, whereas 
much of southeastern Washington is generally finer-grained loess soil in varying thicknesses 
perched above massive layers of Columbia River basalts (DNR 2024a). Soil and geology in the 
mountainous regions of the Cascades, Olympics, northeast Blue Mountains, and North 
Cascades also vary widely dependent on their location. Surficial geology and soils in the state 
are shown in Figure 2. 

Dense fault complexes are present throughout several areas in the state and offshore. The CSZ 
is a megathrust fault system capable of producing very large-magnitude earthquakes (viz., Mw 
9.0+) and associated tsunamis (DNR 2024b). Inland, fault systems in western Washington, such 
as the Seattle Fault Zone (SFZ), Tacoma Fault Zone, Darrington-Devils Mountain Fault, and 
Whidbey Island Fault Zone, are also active fault systems that are capable of generation of 
large-magnitude earthquakes. Much of central, southern, and southeastern Washington along 
the Columbia River Gorge region is also seismically active. Faults and fault systems from 
Ellensburg to Yakima, Goldendale, the Tri-Cities, and Walla Walla are widely distributed across 
the study area. The locations of all mapped active faults in the state are included in Figure 3.  
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Figure 2. Surficial geology  
Data source: DNR 2023b 
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Figure 3. Seismic hazards 
Data source: DNR 2023b 
Note: Seismic design categories correlate to anticipated seismic ground response conditions. Seismic design category is based on generally anticipated 
earthquake ground response conditions for the International Building Code (ICC 2024)



 

PEIS on Utility-Scale Solar Earth Resources Technical Report 
Page 19 June 2025 

3.2.3 Surface soils 
The formation of soil is a long and complex interaction between climate, topography, ecology, 
and attributes such as provenance or geologic parent materials (EFSEC 2023). The physical 
properties of soils, such as grain size and minerology, contribute substantially to their 
interactions with the greater environment. Impacts, such as erosion, may be exacerbated by 
the surface soil characteristics and would differ based on other environmental and 
anthropogenic factors such as climate, elevation, temperatures, precipitation, and land use 
type.  

Surface soils often form in common groupings or horizons, as a relative function of the environs 
in which they are present. Compaction, grain size distribution, soil layer thicknesses, and soil 
structures (such as low- and high-permeability layers) generally form according to the 
environmental conditions relative to the physical properties of the soil and based on climate, 
precipitation, provenance, and vegetation cover. Other soil structures, such as biological crusts 
or desert pavements, may also be sensitive to disturbance and play an important role in local 
ecology; both are unique biological and physiological conditions that are specific to the 
environment in which they form and may take very long periods to recover. The study area 
includes several regions in Washington that may contain these sensitive soil structures 
(NRCS 2019). Identification of these areas is not feasible on the same scale as other elements; 
however, these types of features are common within the study area and would require 
identification during site-specific investigations. Studies to identify soil types on a site are 
expected to be done in researching potential project sites and during site characterization. 

Soils in agricultural or forested areas may also exhibit unique attributes that may require more 
detailed characterization. Designated farmlands or forests may have been identified by the 
Natural Resources Conservation Service based on several conditions that may not be recreated 
in other regions. The study area includes agricultural and designated timber or forest land that 
is actively farmed, managed, or reserved. Agricultural soil and forest land types may be 
protected from irreversible conversion by government regulations under the federal Farmland 
Protection Policy Act and the Forest Legacy Program.  

Exposed soils in central and eastern Washington, where it is characteristically dry and windy, 
lead to loss of soil and impacts to air quality, including from large dust storms that generally 
occur from spring through fall.   

3.2.4 Geologic hazards 
Geologic hazards have the potential to affect environmental quality and change topography, 
habitat, vegetation, drainage patterns, and other attributes. Understanding geologic hazards—
such as earthquakes, surface faults, tsunamis and seiches, liquefaction, volcanic eruptions, and 
landslides—is important because risks of these hazards can impact the safety and feasibility of 
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project construction, operation, and decommissioning. They are elaborated upon in the 
following sections. 

3.2.4.1 Earthquake ground shaking 
Earthquake ground shaking is generated from the elastic rebound of crustal rock on both sides 
of the rupture plane following fault rupture. Ground motions occur as seismic waves, 
emanating from the focus of fault rupture, travel through the subsurface materials. The 
intensity and effects of seismic waves traveling outward from the epicenter can be amplified by 
unconsolidated materials, such as alluvium or basin fill. Earthquake-induced shaking may cause 
other impacts on the ground surface including hazard types such as landslides, fault rupture, 
and liquefaction (USGS 2024a).  

Given the presence of seismic features in the state, many regions within the study area are at 
risk of seismic activity. The seismic design maps for Washington (Cakir and Walsh 2007) 
generally identify the range of seismic structure design categories required for implementation 
across the state and may be used as a general tool when overlayed onto the study area. The 
seismic design maps consider events from random crustal sources, as well as mapped major 
fault systems (CSZ, SFZ, and Tacoma Fault Zone), and lesser faults and fault systems (Cherry 
Creek Fault, Oak Flat Fault, and Saddle Mountain Fault) and derive seismic design category 
values that would be required for a project sited within each seismic zone. Site-specific 
geotechnical investigations may identify site materials, subsurface geology, or other factors 
that may influence site design and construction requirements and should be carefully 
considered during project design. It should be noted that while some faults may be mapped 
entirely outside of the study area (e.g., SFZ), the ground response associated with an 
earthquake occurring on such a fault may be felt on sites farther away, including potential 
project sites that may be located within the study area.  

3.2.4.2 Surface fault rupture 
Surface fault rupture occurs when relative displacements on either side of a fault rupture plane 
are expressed at the ground surface as abrupt horizontal and/or vertical offsets or fissures. 
Surface fault rupture may bisect infrastructure, roads, buildings, pipelines, energy transmission 
lines, or other structures, potentially causing substantial damages. The expression of surface 
fault rupture varies depending on the fault type; for instance, faults like the SFZ may exhibit 
both horizontal and vertical displacement. In contrast, normal and reverse faulting typically 
results in vertical offset predominance. Surface ruptures may also be a function of ground 
subsidence, which may be the result of tectonic or seismic displacement, settling, compaction 
or consolidation of soil.  

The locations of identified fault structures are shown in Figure 3 and are overlayed within the 
framework of the study area. The resolution at the scale required for this technical resource 
report may not identify the exact locations of fault structures in relation to potential solar 
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energy facility sites with enough specificity to adequately screen out or locate sites in areas 
where rupture is not anticipated. Detailed geotechnical and hydrogeological site 
characterizations could identify this hazard type in advance of project design and should be 
considered necessary to avoid or design with specific consideration to the hazards.  

3.2.4.3 Tsunami and seiche 
Tsunami and seiches are types of waves generated by the rapid displacement of water. In the 
ocean, tsunamis most often result from seismic events with subduction zone earthquakes, such 
as those along the CSZ, which lies immediately west of the coast of Washington, playing a 
substantial role. The mechanism for tsunamis involves the sudden, abrupt offset of the sea floor 
during seismic events. Additionally, while less common than subduction zone events, local 
earthquakes along the SFZ, another active fault in Washington, can generate tsunamis in large 
waterbodies (DNR 2024b). The study area does not overlap with documented tsunami 
inundation zones (Dolcimascolo et al. 2021; Dolcimascolo et al. 2022) in the state, and as such, 
any potential tsunamis are not anticipated to cause disturbance to solar energy facility sites. 

A seiche is similar to a tsunami in that it is associated with the displacement of water, but it 
occurs within a confined waterbody such as a lake, reservoir, bay, or river. Seiches may occur 
from seismic activity or from a landslide, quickly displacing water as a landmass or material 
enters the waterbody. In most cases, within the study area considered for this PEIS, there 
would be no potential impacts from tsunamis and seiches. Similarly, the risks of seiche would 
be restricted to locations adjacent to waterbodies, which are scarce within the study area. 
Detailed analysis should be conducted for potential project locations adjacent to waterbodies 
to assess potential inundation risks related to seiche events.  

3.2.4.4 Liquefaction and cyclic softening 
Liquefaction is a process through which loose, saturated, non-plastic to low plasticity soils, such 
as sands and some silts, temporarily lose shear strength during and immediately after a seismic 
event. Liquefaction occurs as shear stresses propagate through these soils and cause particles 
to dislodge and contract or collapse, increasing pore pressures if the water cannot drain quickly 
enough. This increase in pore pressure causes a decrease in frictional resistance at particle 
interfaces, resulting in an effective loss of shear strength and potential ground deformations, 
such as post-seismic reconsolidation settlement and lateral spreading.  

Cyclic softening is differentiated from liquefaction in that it refers to effects of the progressive 
increase in shear strain on fine-grained soils, such as silts and some clays, when subject to 
seismic loading. Unlike liquefaction, cyclic softening typically does not result in a sudden 
decrease in shear stiffness or ground deformations associated with post-seismic 
reconsolidation settlement; however, the accumulation of large shear strains can result in 
strength loss that may be of concern for slopes and structures.  

Following the 2001 Nisqually earthquake, DNR was awarded a grant by the Federal Emergency 
Management Agency (FEMA) to generate earthquake hazard maps on a county-by-county basis 
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for the entire state (USGS 2024a). These maps included seismic site class maps, consistent with 
the National Earthquake Hazards Reduction Program, and liquefaction susceptibility maps. 
These maps are available in GIS format on DNR’s Geologic Information Portal and can be used 
to preliminarily identify areas of likely liquefaction sensitivity and delineate geologically 
hazardous areas, as shown in Figure 4. Due to the scope and scale of these mapping efforts, 
however, areas that may be susceptible to cycle softening are not specifically mapped, and 
some areas that fall outside of the mapped boundaries may be susceptible to liquefaction. 
Accordingly, a site-specific review and investigation program should always be conducted to 
assess the risk of a site for liquefaction and/or cyclic softening potential.  
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Figure 4. Liquefaction susceptibility 
Data source: DNR 2023b 
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